The performance of Wright peak flow meters is described using an absolute and precise calibration method. This showed errors as great as 25% with the peak flow meter and 40% with the mini peak flow meter. At large flow rates errors were less. The expected variation between individual peak flow meters was about 12%. The expected variation between individual mini peak flow meters was between 16% and 22%, depending on flow rate.
In both its original (Wright and McKcrrow, 1959) and restyled form the Wright peak flow meter (p.fjn.) is widely accepted for measurement of peak expiratory flow rate. Recently a smaller, lowermost device, the mini p.f.m., has been introduced (Wright, 1978) .
Two calibration methods have been used to check the various designs of p.f.m. Steady air flows have been blown through a flow meter connected in series with the meter. This method does not test the response of the pijn. to non-steady airflows. Also, it depends on a flow meter which cannot readily be checked for its absolute precision. The other method compares readings from the meter with those obtained from a pneumotachograph for a single group of people. This presupposes the pneumotachograph to be properly calibrated. More important, it is imprecise because subjects do not always produce the same peak flow. In a recent report (Perks et al., 1979 ) the scatter of results was considerable, particularly at low flows.
Because of these deficiencies, we developed a calibration procedure which can be cross-checked independently. We report our findings for the three types of Wright p.f.m.: the original p.f.m., the restyled p.f.m. and the mini p.f.m.
MATERIALS AND METHODS
A technical description and appraisal of our calibration procedure has been reported elsewhere (Shaw, Fisher and Hughes, 1979) . A heavy piston is allowed to fall under gravity in a cylinder. Air is expelled from the lower end of the cylinder to the instrument being calibrated. Sharp-edged orifices manufactured to British Standard 1042 are installed in the cylinder above the piston. These orifices control the acceleration of the piston until a constant velocity and therefore a steady flow has been reached. Various sizes of orifice are used to generate particular peak flows. The flow is checked independently by a timing unit which measures the velocity of the piston during its descent. Three original p.f.m., 10 restyled p.f.m. and six mini p.f.m. were tested in the survey. Four of the mini p.f.m. had repositioned scales as recommended by Wright (1978) and Perks and others (1979) . All meters had been in use in hospitals in the West of Scotland, except two mini p.f.m. (A and C) which were assessed immediately after purchase. There had been no apparent abuse to any meters. Two restyled p.f.m. had just been calibrated by the manufacturer. Ten different peak flows were produced and measured for each p.fjn. Each peak flow was reproduced three times. The dynamic characteristic of every meter was determined by progressively shortening the period of time at which the peak flow rate was maintained. This was done by stopping the piston of the calibrator before it had completed its full stroke. It has been suggested that maintaining a peak flow for 10 ms was sufficient for the original p.f.m. to respond accurately (Wright and McKerrow, 1959) .
The pressure loss across each meter was measured using a differential pressure transducer (Elema Schonander E.M.T. 32). Care was taken to avoid air leakage between the calibrator and meter.
RESULTS
The measured peak flows were compared with the readings on each meter. Percentage errors rather than absolute values were used. The percentage error was defined as: % error (meter reading)-(actual flow) (actual flow) xlOO Table I shows the per cent error of the restyled pXm. Meters 4 and 6 had just been re-calibrated by the manufacturer. Table II shows per cent errors for the mini p.f.m. Meters A, C, D and E had repositioned scales (Perks et al., 1979) . Figures 1 and 2 show examples of calibration curves for a single restyled p.f.m. and a single mini p.f.m. There were substantial differences in the errors produced by each meter. From our data for the 10 restyled p.f.m. and six mini p.f.m., predicted 95% confidence limits were established. Figure 1 shows our predicted upper and lower limits for restyled p.fjn. and figure 2 similar data for the mini p.f.m. If our sample batch of each type of meter is typical of all meters presently in use, 95 out of 100 instruments would fall within these bands.
Reducing the period at which peak flow was maintained showed that at 30 ms the meter readings were reduced by about 5%. The pressure loss across the various meters at 400 litre min" 1 was about 15 cm H,O for the mini p.f.m. and 5 cm H a O for the restyled and original pXm.
DISCUSSION
Our calibrator produces peak flows the values of which are known to an accuracy better than 1.0%. Repeatability of a particular peak flow based on 30 measurements is better than 0.28% (Shaw, Fisher and Hughes, 1979) . Tables I and II show that there are substantial errors in the meter readings for the restyled and mini p.f.m., especially at the lower end of the flow range. Percentage errors for the three original p/.m. tested tended to be smaller than for the restyled p.f.m., but the pattern of errors was similar: per cent error was positive at slow flow rates and negative at greater flow rates.
The tables show the wide variation in errors between individual restyled and mini p.f.m. Figure 1 shows that there is a specific calibration curve for the single meter illustrated (no. 3 in table I). For clarity, curves for the other meters are not shown, but they have similar profiles and are an equally good fit. The predicted confidence limits for all restyled meters shown in figure 1 depend upon our sample batch being typical of all instruments in use. Since our instruments were obtained from a wide variety of sources this assumption is reasonable. The calibration curves for two of the original p.f.m. were less than the 95% confidence limits for the restyled p.f.m. This suggests a change in the calibration of the p.f.m. when it was restyled. Curiously, two restyled use a straight-line regression analysis or to change the calibration simply by repositioning the scale (Wright, 1978; Perks et al., 1979) . The original meter was expected to measure accurately peak flows of duration 10 ms or more. Our findings are that meter readings begin to be affected at a duration of about 30 ms. This dynamic response is sufficiently good to measure peak flow in most subjects.
From our findings several conclusions can be reached. For the restyled pijn. it is reasonable to compare results taken on different meters. Our predicted 95% confidence band is about 12% for flows greater than 300 litre min" 1 . At slower flows the characteristics of the individual pijn. may have an increasing effect on the results.
We would not recommend comparing peak flows measured on different mini pXm. at flow rates less than about 400 litre min" 1 . The absolute calibration of both designs of meter could be improved by alterations to the scale. Both designs of meter would require a new non-linear scale. This would not reduce the variation between individual meters.
A unique calibration graph can be produced for every meter. In this way it is possible to correct the indicated reading, thus obtaining a highly accurate measurement of the actual peak flow generated. However, the T"'"' pijn. is a greater resistance meter Figure 2 also shows a non-linear relationship between per cent error and flow for the mini p.f.m. The typical calibration curve shown is for meter C. Similar shaped curves are produced for the other meters from the data in table II. The 95% confidence limits show a big variation between the individual mini p.fjn. The characteristic variation is much greater than that found by Perks and others (1979) . It is obvious from figure 2 that it is inappropriate to than is the restyled meter so, even with such corrections, the peak expiratory flows obtained should not be compared directly. 
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